In this paper, we study the integro-differential equations with a bulge function. The Laplace transform, inverse Laplace transform and the convolution theorem are used in this study to obtain the exact solution. The trapezoidal rule is used to find the numerical solution.
Introduction
Mathematical modelling of real-life problems normally outcomes in functional equations, like ordinary or partial differential equations, integral and integrodifferential equations, stochastic equations. Numerous mathematical formulation of physical phenomena be composed of integro-differential equations, these equations originates in many fields like fluid dynamics, biological models and chemical kinetics. A. Bellour and M. Bousselsal [1] discovered the numerical solution of delay integro-differential equations. The main purpose of their work is to provide a new numerical approach based on the use of continuous collocation Taylor polynomials for the numerical solution of delay integro-differential equations. In this paper, we study the integro-differential equations with a bulge function. The solution is derived by using Laplace transform, inverse Laplace transform, the convolution theorem and the Taylor series expansion. The numerical solution is obtained by the trapezoidal rule [4] .
Preliminary Notes
We began our study by giving out the the Laplace transform, the convolution theorem and the integro-differential equations which can be used in this study.
Definition 2.1. The Laplace Transform [2] . Given a function f (t) defined for all t ≥ 0, the Laplace transform of f is the function F defined as follow:
for all values of s for which the improper integral converges Theorem 2.2. The Convolution Theorem [3] . The convolution of two functions f (t) and g(t) denoted f (t) * g(t), is given by
whenever the integral is defined.
Integro-differential equation is an equation that involves both integrals and derivatives of an unknown function of the form
The Trapezoidal rule(see [4] ) can be used for the numerical solution of the integro-differential equation as follows:
and
The solution of the integro-differential equation with a bulge function by using Laplace transform Lemma 3.1. The Laplace transform of the bulge function e
is expressed by
Proof. The Taylor series expansion e x is of the form
Therefore, by substituting equation (7) with
, we obtain
By taking the Laplace transform to equation (8) and using the fact that the Laplace transform is linear, we derived L e
Lemma 3.2. The solution of the integro differential equation with a bulge function
can be expressed by
Proof. By taking the Laplace transform to the above equation, we have
Applying the convolution theorem, it yields
And again by applying the convolution theorem and Lemma 3.1 to equation (12), we obtain
We can next use the partial fraction method to equation (14), we have
Then, the inverse Laplace transform can be employed to equation (14) to obtain 
Conclusion
In this work, we studied the integro-differential equations with a bulge function which is denoted by f (t) = e
where l is a positive constant. We applied the trapezoidal rule for solving the numerical solutions. To approach the exact solution, we employed the Laplace transform, the inverse Laplace transform, the Taylor series expansion and the convolution theorem. We can conclude, according to our examples, that the approximate solutions obtained by the trapezoidal rule [4] are in good agreement with the exact solution. 
